Abstract Ponseti's and Kite's methods of conservative management in idiopathic congenital clubfoot were compared in a prospective randomised study consisting of 45 infants (67 feet) younger than 3 months, from March 2003 through February 2004. There were 36 and 31 feet that underwent treatment by Ponseti's and Kite's methods, respectively. After an average follow-up of 27.24 months in the Ponseti group, correction was achieved in 33 feet (91.7%), with only three patients requiring surgical management. There were seven relapses (21.1%), all of which were corrected conservatively. However, two of these required surgical intervention on showing a relapse again in the second year. In the Kite group, we achieved correction in 21 feet (67.7%) after an average follow-up of 24.8 months, with ten patients requiring surgical intervention. There were eight relapses of which only four could be corrected conservatively. We could also achieve correction in very severe feet (Dimeglio classification) in a significantly higher percentage using Ponseti's method, in significantly lesser time and with fewer casts. We are of the opinion that Ponseti's method is superior to Kite's method in achieving correction in idiopathic clubfeet in a relatively shorter period of time when used to treat young infants. 
Résumé

Introduction
Most orthopaedic surgeons will agree that the initial treatment of a patient with clubfoot when presenting early in life should be conservative [1, 6, 9, 10, 16, 18] . We have been using Kite's method of manipulation and casting [11] since inception of the clubfoot clinic in our paediatric wing for over 15 years with a fair amount of success. The Ponseti method [19] was introduced to our clinic in 2002 and has given encouraging results with a comparatively smaller period of casting. This prompted us to compare the two methods of treatment in a prospective randomised study and compare various variables like percentage of feet corrected, time and number of casts required for correction achieved, percentage of cases showing relapse and the deformities that relapse in each method. We have also tried to analyse the failures and relapse on the basis of the philosophy of each method.
Materials and methods
The study was carried out in patients having classical idiopathic clubfeet who were less than 3 months of age (5 to 90 days) attending the clubfoot clinic in the paediatric wing of our hospital from March 2003 through February 2004. Older patients or those having non-idiopathic deformities were excluded from the study. None of the patients selected for the study had undergone prior conservative or operative management.
After an informed consent was taken from the parents, the patients were randomly assigned to either group (Ponseti and Kite) by one of the office clerks by alternately allocating successive patients to the Ponseti and Kite groups, in that order only. All the patients were assessed and followed up by a single surgeon (AS), who was unaware of the group to which a particular patient was assigned and was not involved in manipulation and casting. Manipulation and casting were done by two other authors (AT, DS) on the basis of the assigned group.
Of the 53 patients (81 feet) selected for the study, eight patients were lost to follow-up and hence were excluded from the study, leaving 45 patients with 67 feet (36 in the Ponseti group and 31 in the Kite group). There were 31 males (14 in the Ponseti and 17 in the Kite group) and 14 females (9 in the Ponseti and 5 in the Kite group) and the male: female ratio was 2.2:1. Twenty-two infants had bilateral pathology (13 in the Ponseti and 9 in the Kite group) while 23 patients had unilateral presentation (9 on the right side and 14 on the left side) ( Table 1 ).
All the infants were classified prior to casting into benign, moderate, severe and very severe grades according to Dimeglio's classification [4] . The average score in the Ponseti group was 14.39 (SD 3.2), whereas that in the Kite group was 16.19 (SD 2.8).
The patients underwent weekly manipulation and casting starting the day of first presentation after birth in the clubfoot clinic. They underwent casting till they achieved correction or reached 1 year of age, whichever was earlier.
Achieving no correction by 1 year was considered a failure, after which surgery was planned with the parents' consent.
The protocol followed in the first group was as described by Ponseti [19] . The last cast (with or without tenotomy) held the foot in 50°to 60°of external rotation and 15°d orsiflexion. A foot abduction bar [21] , which holds feet in 50°to 60°of external rotation, was advised for maintenance of the correction. It was worn full time for 2 to 3 months, followed by application only at night for 2 to 4 years.
The second group underwent manipulation and casting using Kite's method [11] . The foot once corrected was given a night brace that maintained correction in dorsiflexion and slight valgus [11] .
The patients were followed up every month for the first year and every 3 months subsequently to assess range of motion, function and appearance of the ankle and foot.
The statistical analysis was done using SPSS (Version 12.0). Results were expressed as the mean and standard deviation (SD). A chi-square test and an unpaired t-test were applied for statistical analysis. The statistical difference was considered to be significant when p<0.05 and highly significant when p<0.001.
Results
After an average follow-up period of 26.04 months (±SD 3.3), the results were as tabulated in Table 1 . The rate of correction was found to be significantly higher with Ponseti's technique (χ2=6.097, df=1, p=0.014). With Ponseti's group, correction could be achieved in comparatively fewer days with a smaller number of casts. The statistical difference was found to be highly significant both in terms of time taken as well as the number of casts required for correction (p<0.001) ( Table 1 ).
Ponseti's method also corrected a significantly higher number of very severe clubfeet (16 out of 18, 88.8%) than Kite's method (14 out of 24, 58.3%), in a smaller period of time (Table 2) . However, age and sex had no significant relationship to the outcome and relapse in either group (p>0.05).
The mean follow-up in the Ponseti group was 27.24 months ±SD 3.1 (17 to 31 months). In the first year of life, seven feet had relapsed deformities in the Ponseti group. There was a relapse of all four deformities in three feet; cavus, adduction and varus in one foot; adduction and cavus in one foot; and varus and cavus occurring singly in one foot each. All the relapses occurred in the first year of age and could be treated conservatively on applying two to six serial casts. Of these, two feet relapsed again after the first year (in the 13th and 17th months, respectively, each showing a combination of adduction and varus deformities). There were no relapses seen in rest of the patients at final follow-up (Table 3 ).
In the Kite group, the mean follow-up was 24.84 months ±SD 3.5 (20 to 31 months). There were seven feet with relapsed deformities in the first year and one foot that relapsed in the second year (14th month). All four deformities relapsed only in one foot; cavus and varus in one foot; adduction and varus in two feet; varus alone in two feet; and equinus alone in one foot. The relapse occurring in the second year consisted only of varus of the heel (Table 3) . However, the difference in percentage of relapse in the two groups is not statistically significant (p>0.05). The relapses were neither related to the age at presentation nor to the severity in either group.
At final follow-up, the average range of motion at the ankle joint in the Ponseti group was 7.11°(dorsi-flexion) to 12.17°(plantar-flexion). The corresponding values in Kite's group were 6.13°(dorsi-flexion) to 10.16°(plantar-flexion). In both groups, the functional outcome in patients with corrected feet who had started walking without support (32 patients) was good. They could squat with heels touching the ground. None of the patients or parents reported any pain, callosity or difficulty in playing indoor/outdoor games suitable to their age.
Discussion
Manipulation and holding the foot in corrected position (with the help of resinous cerate) was identified as early as 400 BC by Hippocrates [5] . Several indigenous casting methods have evolved in the past based on pure logic to undo the deformity by producing the force in the opposite direction and reporting success rates varying from 15%-90% [1] . The huge percentage difference indicates a lack of a standard technique for manipulation and casting. Probably Kite was the most precise in describing his technique of manipulation and casting and reported a success rate of 90% in his patients [9] when treatment was started before No. of casts applied Range 2 to 6 2 to 4 Mean ± SD 3.86±1. 3 3.5±1
*All relapses occurred in the 1st year, two of which relapsed again in the 2nd year a Seven feet had relapsed deformity in the 1st year, while one foot in the 2nd year 1 year of age, and the duration of cast treatment ranged from 26-49 weeks [8] . However, when used by other orthopaedic surgeons, this method resulted in low correction and a high relapse rate. It was reported that surgery could be avoided only in 20% to 50% of patients treated by Kite's method [22] . Since 2002, several studies have surfaced demonstrating the successful use of the Ponseti method in clubfoot correction [6, 7, [13] [14] [15] 23] , so much so that the method is becoming an accepted treatment of idiopathic clubfoot all over the world. Laaveg and Ponseti reported that 90% of their patients were satisfied with the function and appearance of their feet on long-term follow-up (average 19 years) [12] . Some of these patients who were followed up for 30 years showed no deterioration of the function or appearance of the feet [2] . It has been written rather convincingly by Cummings that he found Ponseti's method to be more effective in treating congenital clubfoot nonoperatively, even though he had used Kite's technique successfully to correct this deformity [3] .
This method has reported not only clinical correction, but has also shown correction of the individual tarsal anlage as well as their relationships on magnetic resonance imaging [17] .
Although there are several retrospective cohort studies [6, 7, 23] to show the superiority of Ponseti's method over traditional and historical methods of casting, the authors could not find any prospective randomised study comparing Ponseti's method with Kite's method, which was hitherto the gold standard for the conservative management of classical idiopathic clubfoot. Our study compares the two methods in a prospective randomised fashion and tries to correlate the mechanism of correction to relapse and failure.
Having used both techniques in our study, it became evident that the success rate with Ponseti's method was significantly higher. It also corrected very severe feet in a significantly shorter time period, thereby reducing the agony and distress to patients as well as parents. Superior results may be attributed to correcting all deformities simultaneously, correcting the cavus in the supinated position (called the magic move of Ponseti) [22] and hyperabducting the entire foot under the talus without touching the heel [19] .
Regardless of the treatment given, a clubfoot deformity tends to relapse until the child is about 7 years of age [18] . Although nothing can be said with certainty about the cause of relapse in our series, we doubt the compliance of the parents with using the foot abduction bar or night braces due to the low level of literacy and social factors affecting their families.
The profile of relapses demonstrates the effectiveness of either technique in undoing the individual deformities. It was noted on careful scrutiny that the majority of relapses in the Ponseti group consisted of all the deformities, which shows that the force of correction applied or its maintenance in a corrected position was probably inadequate. When compared with the Kite group, relapses show a preponderance of varus of the heel (exclusive or in combination), which may indicate initial failure to correct the deformity completely and failing to recognise it while labelling the foot as corrected. This validates Ponseti's contention of Kite's error [20] . It shows the failure of the technique per se to correct the heel varus deformity, even though the forces were adequate and well placed to correct the other deformities. The talo-navicular joint is in extreme inversion in clubfoot, with the navicular at the most medial and plantar side of the head of the talus [5] . The aim of manipulation, therefore, should be to stretch the medial capsule and ligaments so as to draw the navicular laterally. Placing counter-pressure at the lateral aspect of the talar head rather than at the calcaneo-cuboid joint obviously can do this most effectively. In our opinion, this was the cardinal mistake in Kite's method, which leads to a delayed or low correction rate.
Another factor that can be held responsible for a poorer result in the Kite group in our study could be a significant difference in the mean severity scoring (Table 1) . However, on analysing the effectiveness of the method in correcting only very severe deformities, it becomes quite evident that even by eliminating this variable the percentage of correction in the Ponseti group is significantly higher ( Table 2) .
Even though we have corrected several clubfeet with Kite's method, we find Ponseti's method to be far superior in correcting all deformities in a shorter period of time, thereby reducing the requirement of surgical intervention. Encouraged with the results of this short-term study, we will not hesitate to offer Ponseti's method of management as the first line of conservative treatment to the patients attending our clubfoot clinic.
In future, we would like to analyse the long-term results (function and appearance) of the patients corrected by Ponseti's method and compare them with those obtained by Kite's method.
